INTRODUCTION
Fusion of intracellular granules (lysosomes) with the plasma membrane is a fundamental event in cell biology related to normal endocytic and exocytic functions.
This process underlies such diverse phenomena as intracellular digestion, neurotransmitter release from synaptic vesicles, and secretion of a wide variety of essential hormones, digestive enzymes, and vasoactive amines. For human neutrophils (PMN),' the fusion of lysosomes with the plasma membrane subserves both microbicidal and inflammatory functional responses. The non-oxygen-dependent killing of ingested bacteria depends on exposure of microorganisms to the toxic environment resulting from fusion of lysosomes with the organism containing phagosome. Recent evidence also suggests that oxygen-dependent microbicidal mechanisms may be partly dependent on lysosomeplasma membrane fusion because cytochrome b appears to participate in the postphagocytic "respiratory burst" and this cytochrome is largely localized in the specific granules of PMN (1, 2). The extracellular release of PMN lysosomal constituents also contributes to evolution of the acute inflammatory response. In a process that closely resembles secretion from other cells, lysosomal enzymes can be released from PMN that generate inflammatory mediators and that have proteolytic activity against extracellular substrates.
Numerous studies have addressed the regulatory mechanisms of lysosome-plasma membrane fusion in PMN. These investigations have been largely focused on events at the plasma membrane and within the cytosol. Particular attention has been directed to the movements of extracellular and membrane-bound cations and anions (3) (4) (5) , the relation of these ionic fluxes to membrane potential and surface charge changes (6) (7) (8) , the activation of nucleotide cyclases (9) (10) (11) , and the assembly and disassembly of microtubules and microfilaments (12) (13) (14) . Since, in some respects, the 1 Abbreviations used in this paper: 9AA, 9-aminoacridine; f-Met-Leu-Phe, formyl-methionine-leucine-phenylalanine; FITC-dex, fluorescein-labeled dextran; LDH, lactic dehydrogenase; pHi, internal pH; PMA, phorbol myristate acetate; PMN, neutrophils. lysosome is the intracellular target organelle of PMN activation, we questioned whether the lysosome plays an active role in regulating its own fate during the fusion process.
Specifically, we have recently demonstrated that in a mixed population of human PMN lysosomes, the intralysosomal pH is highly acidic and this intralysosomal pH appears to be maintained by an active protontranslocating pump (15) . Because the fusion between other biologic membranes (e.g., egg-sperm fertilization [16] , platelet granule release [17] ) is influenced by pH and H+ fluxes, we have examined in these experiments whether alteration of the intralysosomal pH effects the secretory response of human PMN. These studies suggest that maintenance of an acidic intralysosomal pH is important to lysosome-plasma membrane fusion and that alkalinization of the intralysosomal pH inhibits neutrophil degranulation. Incubation of PMN with degranulating stimuli and weak bases. PMN were suspended in HBSS at a final density of 2 X 107/ml. Aliquots of 0.5 ml of the cell suspension were mixed with 0.5 ml of HBSS or with 0.5 ml of HBSS containing the degranulating stimuli, ionophore A23187 (5 X 10-7 M); phorbol myristate acetate (PMA, 1 ng/ml); or the synthetic chemotactic peptide, formyl-methionine-leucine-phenylalanine (f-Met-Leu-Phe, 108 M) plus cytochalasin B (5 Mg! ml). All solutions were carefully adjusted to pH 7.2. After a 20-min incubation at 37°C in a shaking water bath, the cell suspensions were centrifuged; the cell-free supernates were saved for enzyme determinations. An aliquot of the cell suspension was also retained for freeze-thawing (four times) to determine total cellular enzyme contents.
The effects of various weak bases on degranulation in response to the ionophore A23187, PMA, and f-Met-Leu-Phe plus cytochalasin B were also examined. PMN (final density 1 X 107/ml) were preincubated for 10 pH, it is necessary to verify that 9AA is largely localized within this intracellular compartment. Our approach has been to examine the correlation between release of a cytoplasmic marker (LDH), which is indicative of plasma membrane disruption, and release of a lysosomal marker (lysozyme), which is indicative of lysosomal membrane disruption with release of 9AA induced by the detergent digitonin. As shown in Table I , LDH release was dependent on the concentration of digitonin and was maximal at 0.025 mM. While lysozyme release by digitonin was also concentration-dependent, maximal lysosomal disruption did not occur until 0.1 mM. Digitonin-induced release of 9AA (as assessed by reversal of fluorescence quenching) showed a remarkable correlation with the lysozyme release. Whereas 0.025 mM digitonin resulted in maximal LDH release, only 33 .8% of lysozyme and 15.4% of 9AA was released at this concentration. A higher digitonin concentration (0.10 mM) was required to induce maximal release of lysozyme and 9AA.
The ability of various weak bases to raise the intralysosomal pH as monitored by reversal of the quenching of 9AA fluorescence is shown in Fig. 4 . At the concentrations shown, each of the weak bases reversed the PMN quenching of 9AA fluorescence. This results from redistribution of the 9AA out of the lysosome as the weak bases increase the intralysosomal pH and thereby, reduce the transmembrane pH gradient. As would be predicted from this model, reversal of fluorescence quenching of 9AA by the weak bases was dose-dependent. As shown in Fig. 5 , increasing concentrations of ammonium chloride progressively reversed the quenching of 9AA fluorescence.
Effects of weak bases on degranulation. In the absence of a secretory stimulus, spontaneous release of LDH and lysozyme was similar for PMN by PMN in response to the Ca++ ionophore A23187 (Fig. 6) , PMA (Fig. 7) , and f-Met-Leu-Phe plus cytochalasin B (Fig. 8) glucuronidase release was <10% in the absence of a weak base, this small degree of enzyme release was further inhibited by clindamycin (1 mM), methylamuine (1 mM), propanolol (1 mM), and chloroquine (0.1 mM) (data not shown).
The dose-response relationship between increasing concentrations of ammonium chloride and A23187-stimulated lysozyme release is shown in Fig. 9 . In the absence of any weak base, A23187 stimulated 47.3±2.9% of total cellular lysozyme release. Ammonium chloride at 0.1 and 0. A23187-stimulated lysozyme release. At higher ammonium chloride concentrations, however, there was progressive inhibition of degranulation by this weak base.
The effects of ammonium chloride on PMN quenching of 9AA fluorescence and secretion in response to A23187 were reversible. Quenching of 9AA fluorescence by control, HBSS-treated cells was 36.5±3.9%, and was 37.9±4.5% after PMN had been preincubated in ammonium chloride (10 mM) for 5 min and then resuspended in ammonium chloride-free HBSS (pH 7.2, n = 3, P > 0.1). After ammonium chloride pretreatment and removal of the weak base, PMN released 32.9±1.9% of total cellular lysozyme in response to A23187 (20 min at 37°C) and control PMN released 25.9±2.4%. Spontaneous lysozyme release (in the absence of A23187) was 3.9±1.7% for ammonium chloride-treated cells and 4.1±1.6% for control cells. These results are the mean±SEM of four separate experiments that were each run in triplicate. DISCUSSION In a previous study, we demonstrated that the pH within a mixed population of isolated human PMN lysosomes was highly acidic and proposed that this preformed acid was a principal source of protons for the acidification of the phagocytic vacuole after phagosome-lysosome fusion (15) . That the intralysosomal pH was only partially alkalinized by the protonophore, carbonyl cyanide m-chlorophenyl hydrazone, and that the ApH was almost completely abolished by the combination of carbonyl cyanide m-chlorophenyl hydrazone with the K+ ionophore, valinomycin, suggested the existence of an electrogenic H+ pump for maintenance of the intralysosomal acid pH. In these studies, we utilized a method for monitoring the intralysosomal pH in intact PMN based on the accumulation of a weakly basic fluorescent probe, 9AA, within these acidic lysosomes. Using this method, we have investigated whether permeant weak bases, which accumulate within intracellular acidic lysosomes and alkalinize the intralysosomal pH, have an effect on the availability of lysosomal contents for extracellular release in response to several stimuli. Our studies demonstrate that alkalinization of the intralysosomal pH by weak base accumulation markedly inhibited PMN degranulation in response to A23187, PMA, or f-Met-Leu-Phe plus cytochalasin B.
The use of 9AA as a weak base fluorescent probe was first introduced by Deamer et al. (19) for the measurement of intraliposomal pH and has subsequently been used to measure the pH in several systems, including mitochondria (25) , secretory granules (26), sperm cells (27) , and platelets (17) . Like other weak bases, 9AA accumulates in acidic compartments down a pH gradient and demonstrates a concentration-dependent quenching of fluorescence. Quenching is thought to result from self-interactions between 9AA molecules as a function of 9AA concentration (19) . Thus, the fluorescence of 9AA is proportional to its concentration and it concentrates in acidic compartments, including PMN lysosomes. As emphasized by Simons et al. (17) , 9AA fluorescence changes are proportional to internal pH (pHi) changes, but do not provide a priori an accurate measure of absolute pHi; we utilized this probe to monitor changes in intralysosomal pH.
The major requirements for using 9AA fluorescence as a probe of intralysosomal pH are that (a) the intensity of fluorescence be a measure of 9AA concentration in our buffer system, (b) that the fluorescence of a given concentration of 9AA be pH-independent over the pH range of interest, and (c) that the probe localizes predominantly in the lysosome. Figs. 1 (15) . Since the pH, of mitochondria is alkaline in other cells (27) , it is highly unlikely that 9AA would accumulate in this compartment. There should also be little, if any, 9AA accumulation in the cytoplasm since the ApH between the cytoplasm and media (at neutral pH) has been measured at <0.01 pH U (28) . Moreover, stimulation of PMN with, for example, f-Met-Leu-Phe leads to alkalinization of cytoplasmic pH, which would tend to exclude 9AA. To our knowledge, the intranuclear pH of PMN has not been directly measured. However, the high concentrations of basic histones in PMN nuclei (29) dose-dependent alkalinization of lysosomal pHi by chloroquine and several simple amines. The concentrations required for raising the macrophage phagolysosomal pH, were comparable with those used in our studies, and alkalinization of the phagolysosomal pHi by ammonium chloride was rapidly reversible once the weak base was removed from the media. It should, however, be emphasized that the FITC-dex method requires endocytosis of the probe; this could alter the composition of the compartment that contains the FITC-dex. Indeed, recent evidence demonstrates that clathrin-coated endocytic vesicles contain an ATP-dependent proton pump that acidifies the intravesicular space and may be the site of at least some of the FITCdex localization (32) . In contrast, our studies with the permeant weak base probe 9AA presumably do not involve endocytosis of the probe, but rather passage of the uncharged base across the plasma membrane and lysosomal membrane where it accumulates because of the already existent ApH.
The highly consistent findings that weak bases not only alkalinize the intralysosomal pH, but inhibit granule release in response to several secretory stimuli is not surprising when considered in the context of other systems requiring membrane fusion. This is perhaps best exemplified by the studies of Helenius et al. (33) on the pathway of viral genome entry into the cytoplasm of host cells. For example, Semliki forest virus and canine influenza virus are endocytosed into vesicles where an acidic pH is required for the viral membrane fusion reaction that results in transfer of the viral genome into the cytoplasm (34) . Ammonium chloride, which alkalinizes this vesicular compartment, inhibits the fusion reaction and infectivity of the virus for the host cell. An acid pH also appears to be important for the intravesicular processing (dissociation) of receptor-ligand complexes and the recycling of the endocytosed receptor to the surface membrane (35) .
That alkalinizing the intralysosomal pH inhibits PMN degranulation raises several questions as to the mechanisms of secretion and to the nature of the pHsensitive process. Current concepts of lysosomal exocytosis relegate a passive role to the lysosome in the secretory response. Rather, the regulatory controls are considered to be exclusively localized to the plasma membrane, where stimulus reception and transduction occur, and in the cytosol, where alterations in the chemical environment (e.g., ionic composition, cyclic nucleotides, products of arachidonic acid metabolism, etc.) are expressed in terms of assembly and disassembly of contractile protein matrices and tubulin. Although it is possible that the lysosome exerts its influence on the secretory process through these same mechanisms, for example, as a site of mobilizable intracellular calcium, it is also possible that an acidic intralysosomal pH is required for the poorly defined biochemical reactions that lead ultimately to membrane fusion. Future investigation should be directed at identifying the nature of lysosomal participation in regulating its own fate during secretion.
